Sciences, Department of Social Medicine, Akita University School of Medicine-Thirty-seven nurses with shift work, working under a rotating three-shift system, and 37 nurses without shift work, having worked during the daytime for one or more years prior to this study, were examined to assess the effects of shift work on cardiac autonomic and neuromotor functions. Their ages ranged from 25 to 58 yr. The electrocardiographic (ECG) R-R interval variability, %LF and %HF (i.e., proportions of sympathetic and parasympathetic activities, respectively), and LF/HF ratio were computed by means of autoregressive spectral and component analyses. The %LF and LF/ HF ratio were significantly larger in the nurses with shift work than in those without shift work, although there was no significant difference in the heart rate-corrected QT interval on ECG between them. And, hand-ear coordination differed significantly between the nurses with shift work and those without. Despite the presence of potential selection bias, it is suggested that shift work in nurses may cause not only a long-term sympathodominant state but also some neuromotor impairment.
heart disease (CHD) [8] [9] [10] . The most moderate estimate of relative risk of CHD due to shift work was suggested to be approximately 1.4 3, 7) , and other articles also considered the association between shift work and CHD to be causal 1, 2, 6) . In response, Murata et al. have demonstrated prolongation of the heart rate-corrected Q-T interval (QTc) on the electrocardiogram (ECG) in male shift workers 11, 12) . The multivariate adjusted relative risk for CHD has been estimated to be 1.5 among female nurses reporting six or more years of rotating night shifts 13) , but whether female shift workers show such prolonged QTc remains unknown.
Little work has been done on comparing autonomic functions between nurses with shift work and those without shift work (i.e., those with day work only), even though many studies on the effects of day, evening and night shifts on cardiac functions including heart rate, blood pressure and circadian rhythm in nurses with shift work have been published [14] [15] [16] [17] [18] [19] . For example, Munakata et al. have suggested that psychological impairments following night work were associated with altered cardiovascular and endocrine responses in healthy nurses with shift work 19) . Such effects of shift rotation, however, may not exactly reflect a long-term risk in the nurses with shift work, because no control group (i.e., nurses without shift work) was included in the study. For a comprehensive evaluation of shift work-related effects, therefore, it is necessary to compare data on nurses with two different work statuses (i.e., shift work and day work).
In a report on recovery from work shifts 20) , reaction time decreased over consecutive night shifts in shiftworking nurses and tended to increase over rest days following night shifts. Reaction time, postural sway, manual coordination and tremor have been associated with the assessment of neurobehavioral functions [21] [22] [23] . The use of a quantitative neuromotor test battery is worthwhile because it reduces the subjectivity observed in clinical scale tests 24) . In addition, results can be used to make interpretations of performance based on well-established facts 22, 24, 25) . Nevertheless, confounding factors (or covariates) affecting such tests have yet to be fully understood.
In this study, nurses who had worked under a rotating three-shift system and who had worked in the daytime only were examined to evaluate the effects of shift work on cardiac autonomic nervous and neuromotor functions. Also, the associations between the two functions were assessed in the same nurses.
Material and Methods

Subjects
The study population consisted of 79 healthy female nurses (i.e., registered nurses), who participated voluntarily. General exclusion criteria, such as disorders affecting nervous and cardiovascular functions, were applied. For this reason, three nurses with a past or recent history of cerebral hemorrhage or extrasystole, and two nurses on medication for hyperthyroidism or tachycardia, were excluded. On the other hand, nurses who had a past/present illness of bronchial asthma, chronic gastritis, iron-deficiency anemia, or hysteromyoma were included, because they were not on medication at the time of the examination. Thirty-seven nurses (nurses with shift work) were engaged in the following continuous, modified rapid shift rotation schedule: day work, 08:30-17:00; night work, 00:30-09:00; evening work, 16:30-01:00. They worked additional two or three successive day shifts, one night shift, and one evening shift with at least eight days of rest per month, at two general hospitals in Akita, Japan. The remaining nurses (nurses without shift work), working at four hospitals including the above two hospitals in Akita, had been engaged in day work (08:30-17:00) at least for one or more years prior to our study. The research protocol was approved by the ethical review committee at the Akita University School of Medicine, and the nature of the procedure used in the present study was fully explained to all subjects, and the study was carried out with their informed consent.
Methods
The QTc, ECG R-R interval variability, tremor, postural sway, hand-ear coordination, and reaction time were measured at a quiet laboratory of each hospital by two trained examiners, with the ECG-Amplifier 1271SP ( N E C -S a n e i C o . , J a p a n ) , t h e E C G -9 2 0 2 electrocardiograph (Nihon Kohden Co., Japan), and the Neuromotor Test System (CATSYS 2000, Danish Product Development Ltd, Denmark). And, detailed surveys of medical records, smoking and drinking habits, marital status, etc, were conducted using a self-reported questionnaire, and the contents were confirmed by one researcher (NI) when the questionnaire was returned; a total of 100% ethanol equivalent dose (g/week) was calculated for each subject 26) . These tests were conducted between 17:00 and 19:00 following day work. An additional prerequisite: the subject must have either been off or worked only a day shift the previous day.
After the subject had rested in the supine position for 10 min, 300 R-R intervals on the ECG were measured in real time and stored on a hard disc, and consecutive 100 R-R intervals with the minimal standard deviation (SD) were automatically extracted from the obtained data to avoid non-stationarities [27] [28] [29] . The CV RR (%) was defined as the ratio of the standard deviation of the R-R intervals to the average value (RR mean , ms). The power spectrum of R-R intervals was computed by autoregressive spectral analysis 27) . The spectrum of each of two components, i.e., the high frequency (HF) component at the center frequency of 0.15-0.4 Hz and low frequency (LF) component at 0.01-0.15 Hz, was separated by component analysis. Each component coefficient of variation (i.e., CCV HF and CCV LF ) was defined as the ratio of the square root of each component power spectral density (PSD k , ms 2 ) to the RR mean : CCV k (%)=100 · (PSD k )
1/2 /RR mean , where k=HF or LF. Since parasympathetic blockade with atropine abolishes the HF component but β-sympathetic blockade has no effect, the CCV HF reflects the parasympathetic activity. In addition, the LF component is considered to be derived from the fluctuation in the vasomotor activity through the baroreflex mechanism and to show a β-adrenergically mediated increase in the standing posture 30, 31) . Therefore, the CCV LF , %LF (i.e., PSD LF / (PSD LF +PSD HF ) · 100) and LF/HF ratio (i.e., PSD LF /PSD HF ) are thought to reflect the sympathetic activities. The QTc was automatically calculated from the R-R and Q-T intervals on the ECG according to Bazett's formula 11, 12) :
The postural sway was quantitatively measured on a flat floor 24, 25) . The subject was asked to stand quietly on a platform with her eyes open and also with eyes closed. The transversal and sagittal sway distances and sway area were measured both times. Hand tremor was measured successively for each hand for 16.4 s, by asking the subject to hold a light stylus as she would hold an ordinary pen, with the elbow joint bent at a right angle and free of body contact or any obstacles 24, 25) . The stylus was held horizontally, parallel to the abdomen at approximately 10 cm in front of the navel and the index finger was positioned about 1 cm from the tip of the stylus. Handear coordination was examined by using a drum that recorded hand pronation-supination movements 24, 25) . The coordination test was performed with both the right and left hand under the following standard conditions: hand pronation-supination at a constant slow (1 Hz) and a constant fast (2.5 Hz) metronome beat. Reaction time to a sound stimulus was measured for each hand 24, 25) .
Statistical analysis
The comparison of basal characteristics between the nurses with shift work and those without shift work was made by the Mann-Whitney U test and Fisher exact test. Also, differences in autonomic nervous and neuromotor parameters between the two groups were calculated by the analysis of covariance to control for age, alcohol consumption, smoking status and marital status (and also height). Smoking status was scored as "nonsmoker or ex-smoker"=0 and "smoker"=1; similarly, marital status was scored as "single"=0 and "married"=1. The partial correlation coefficient was calculated to reveal associations between the ECG-related and neuromotor parameters after controlling for age, alcohol consumption, smoking status, marital status and work status (shift work and day work). All analyses, with two sided p values, were performed using the Statistical Package for the Biosciences (SPBS V9.51) 32) .
Results
Basal characteristics of the 37 nurses without shift work and 37 nurses with shift work are shown in Table 1 . There were significant differences in age, marital status, height and coffee consumption between the nurses with shift The %LF and LF/HF ratio of ECG data were significantly larger in the nurses with shift work than in those without shift work (Table 2 and Fig. 1 ), but there was no significant difference in the QTc or heart rate between both groups. Regarding the neuromotor function tests, mean differences in slow rhythm with right and left hands differed significantly between day work and shift work in the hand-ear coordination test, but there were no significant differences in other neuromotor function tests (Table 3) . When either coffee consumption (cups/day) or workplace (surgery clinic or others) was added as a covariate in the analysis of covariance, the significant differences in the above results did not change.
In respect to the relationships between the ECG-related and neuromotor parameters in the 74 nurses, tremor intensities with both the right and left hand were significantly correlated with heart rate (Fig. 2) ; similarly, the sagittal sway distance of the postural sway with eyes closed was significantly correlated with heart rate (r=0.247, p=0.0339). These associations were statistically significant even after controlling for the effects of age, work status, alcohol consumption, smoking and marital status (p<0.05). work and those without shift work (p<0.05). No significant differences in present complaints were seen between the two groups (p>0.05).
Discussion
The principal finding of this study was that the %LF and LF/HF ratio were significantly larger in the nurses working under the rotating three-shift system than in the nurses working in the daytime only. The CV RR and CCV HF (or CCV LF ) tended to be slightly lower (or higher) in the nurses with shift work, implying that the increased %LF and LF/HF ratio in the shift workers may have been due to depression of parasympathetic activity. According to a Dutch study including approximately 10% women, the PSD LF and PSD HF in shift workers were significantly lower than those in day workers, but there was no significant difference in %LF between them 33) . Kageyama et al. reported that male white-collar workers with the longest commuting time (90 min or more) in the Tokyo area showed decreased CCV HF and increased CCV LF / CCV HF at supine rest compared to those with a commuting time of 60-89 min, and 60 min or less, implying that chronic stress or fatigue resulting from long commuting times caused a sympathodominant state 34) . For that reason, continuing shift work in nurses may induce not only changes in cardiovascular responses such as blood pressure, autonomic nervous parameters, and hormones due to different shifts 16, 18, 19) , but also a sympathodominant state.
We failed to observe a significant difference in the QTc or heart rate between the nurses with shift work and those without shift work in this study. On the other hand, the QTc in male shift workers was significantly prolonged as compared to that in male day workers, who had never changed their occupation between shift work and day work 11, 12) . Three explanations for this disagreement are possible: (1) The subjects of this research had been working at the same workplace for one or more years. However, there may have been selection bias (i.e., healthy worker effect) 11) for the subjects inasmuch as some nurses, who suffered from a certain disease such as lumbago, asthma or insomnia, may have moved from shift work to day work. For this reason, the aftereffects of previous shift work may have underestimated the significance of the difference between day work and shift work. (2) The implicative change in the QTc may have been peculiar to gender because parameters of the brainstem auditory evoked potentials, and postural sway, are known to be larger in males than in females 35, 36) , whereas no gender differences have been observed in ECG-related variables except heart rate 27, 28) . ( 3) The sample number in previous studies 11, 12) was three times as much as in ours. A larger population would increase the statistical power. For that reason, it will be crucial to use a study design including a large number of healthy nurses who have never experienced shift work.
In reaction time of the neuromotor function tests, no significant difference was found between the nurses with shift work and those without shift work in our study, though the reaction time test has been used for the assessment of recovery from work shifts in shift-working nurses 20) . Instead, hand-ear coordination in slow rhythm differed significantly between the two groups of nurses: nurses with shift work beat the drum more slowly than did those without shift work, judging from the results for manual coordination test reported by Després et al. 25) The authors suggested that this test is related to the rhythmical constraint imposed by the task. Since the difference in the hand-ear coordination of the above two groups could not be explained by alcohol or coffee consumed, other causal factors of the group bias should be considered, e.g., fatigue complaints after a night work 37) , musculoskeletal disorder 38) , hypoglycemia while working 39) or statistical chance, which would be denied by the results of Tables 1 and 3 . Accordingly, it is likely that shift work may have induced some neuromotor impairment. The interpretation of hand-ear coordination in nurses awaits further research. In this study, three significant relationships between the neuromotor and ECG-related parameters were found in all nurses. One of these (i.e., the link between the sagittal sway and heart rate) may be spurious in the light of the multiple significance tests (e.g., by the Bonferroni multiple comparison method) 32) , but the associations between the tremor intensities and heart rate seem to be potent (Fig. 2) . In this case, it is suggested that tremor can be affected by heart rate because heartbeats can be subtly transmitted to the stylus through the hand. Thus, it is important to clarify confounders affecting the neuromotor parameters, because such confounders have not been well identified in relation to the physiological state.
In conclusion, it is suggested that shift work in nurses may have relevance to long-term sympathetic hyperactivities, despite the presence of potential selection bias. Since there have been many reports on the prolonged QTc in patients with CHD and sudden cardiac death after myocardial infarction [40] [41] [42] [43] [44] [45] , additional study is necessary to confirm whether the sympathodominant state indicates prolonged QTc. Moreover, the risk for CHD seems to be somewhat higher in female nurses 13) , as well as in male shift workers 3, 7) , than in day workers. Further research is required to verify a direct link between such autonomic alterations and CHD in apparently healthy nurses.
